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INTRODUCTION 

The commercial ly proven Koppers K-T g a s i f i c a t i o n  process i s  employed f o r  t h e  g a s i f i c a -  
t i o n  o f  coal  and o t h e r  carbonaceous f u e l s  t o  produce a carbon monoxide and hydrogen 
r i c h  gas. 
steam a t  h igh  temperature. 

Since 1952 a t o t a l  o f  39 g a s i f i e r s  have been i n s t a l l e d  a t  13 l o c a t i o n s  i n  t h e  Eastern 
Hemisphere. An a d d i t i o n a l  p l a n t  a t  Ta lcher ,  I nd ia ,  i s  scheduled f o r  s t a r t - u p  some- 
t ime  d u r i n g  1978. Almost e x c l u s i v e l y  t h e  p l a n t s  have been u t i l i z e d  f o r  t h e  p roduc t i on  
o f  ammonia f rom coa l .  However, t h e  l a t e s t  commissioned p l a n t  i n  Modderfontein, South 
A f r i c a ,  produces 65 m e t r i c  t ons  pe r  day o f  methanol as w e l l  as 1000 m e t r i c  tons p e r  
day o f  anhydrous ammonia. 

I nhe ren t  f ea tu res  o f  t h e  K-T process r e s u l t  i n  t h e  p roduc t i on  o f  a gas which i s  
ext remely w e l l  s u i t e d  f o r  chemical syn thes i s  a p p l i c a t i o n s .  These f a v o r a b l e  cha rac te r -  
i s t i c s  o f  t h e  gas i nc lude :  

The process i nvo l ves  t h e  ent ra inment  r e a c t i o n  o f  t h e  f u e l  w i t h  oxygen and 

Tars, phenols, and o t h e r  condensib le  h y d r x a r b o n s  a r e  t o t a l l y  absent  f rom 
t h e  raw gas. 
f ea tu re ,  problems a r e  avoided w i t h  gas p u r i f i c a t i o n  and w i t h  c a t a l y t i c  
process ing o f  t h e  gas. 

The gas t y p i c a l l y  con ta ins  85-90 volume percent  ( d r y  bas i s )  carbon monoxide 
plus  hydrogen. The t h i r d  p r i n c i p a l  c o n s t i t u e n t  i s  carbon d i o x i d e  which, o f  
course, i s  recove rab le  o r  o the rw ise  does n o t  i n t e r f e r e  i n  chemical processing. 
S u l f u r  i n  t h e  f u e l  i s  conver ted predominant ly  t o  hydrogen s u l f i d e  and carbonyl  
s u l f i d e ,  bo th  o f  which a r e  r e a d i l y  recoverable from the  gas. I n e r t  compounds, 
such as n i t r o g e n  and argon, a r e  t y p i c a l l y  present  a t  o n l y  1 volume percent  
( d r y  bas i s ) .  

N e g l i g i b l e  methane i s  produced, thus  avo id ing  t h e  need f o r  employing c o s t l y  
steam re fo rm ing  i n  a p p l i c a t i o n s  such as hydrogen o r  ammonia p roduc t i on .  

The gas can a1 t e r n a t i v e l y  o r  s imul taneously  be employed as an excel  l e n t  
i n d u s t r i a l  f u e l  gas, thereby adding t o  v e r s a t i l i t y  i n  ope ra t i on .  

U n l i k e  n a t u r a l  gas, hydrogen t o  carbon monoxide r a t i o s  o f  1 : l  o r  lower  a re  
r e a d i l y  ob ta inab le  w i t h o u t  t h e  need f o r  ex te rna l  u t i l i z a t i o n  o f  excess 
hydrogen o r  i m p o r t a t i o n  o r  carbon d iox ide .  Th is  f e a t u r e  can make t h e  K-T 
process more p r a c t i c a l l y  s u i t e d  than  n a t u r a l  gas f o r  growing a p p l i c a t i o n s  
i n  oxo-synthesis, methanol product ion,  o r  Fischer-Tropsch technology.  

As ide f rom t h e  obvious environmental advantages of  t h i s  

An a d d i t i o n a l  major advantage t o  t h e  process i s  i t s  a b i l i t y  t o  handle a v a r i e t y  o f  feed- 
s tocks,  i n c l u d i n g  a l l  ranks o f  coa l ,  char  and pet ro leum coke. I n  a d d i t i o n ,  l i q u i d  feed- 
stocks, such as heavy r e s i d u a l s  o r  t a rs ,  can be processed. Th is  advantage i s  impor tant  
i n  c o n t r a c t i n g  f o r  an economical f u e l  supply  o r  i n  sw i t ch ing  t o  a l t e r n a t e  f u e l s  du r ing  
t h e  l i f e  o f  t h e  p l a n t .  P resen t l y  designed u n i t s  can process a maximum o f  850 tons per 
day o f  s o l i d  carbonaceous f u e l .  
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PROCESS DESCRIPTION 

For  t h e  sake o f  b r e v i t y  and due t o  t h e  f a c t  t h a t  many people a r e  now reasonably  f a m i l i a r  
w i t h  the  bas ic  f e a t u r e s  o f  t h e  K-T process ve ry  l i t t l e  d i scuss ion  h e r e i n  i s  made on the  
process d e s c r i p t i o n .  
Koppers p u b l i c a t i o n s .  

The g a s i f i e r  employs t h e  l o w  pressure p a r t i a l  o x i d a t i o n  o f  p u l v e r i z e d  coa l  i n  suspension 
w i t h  oxygen and steam. Reac t ion  temperature ranges f rom 3500°F a t  t h e  burners t o  2700'F 
a t  t h e  g a s i f i e r  o u t l e t .  The g a s i f i e r  i s  a steam-jacketed, r e f r a c t o r y  l i n e d  carbon s t e e l  
vessel .  A four-headed g a s i f i e r  employs f o u r  burner  assemblies s i t u a t e d  90. apa r t ,  w h i l e  
a two-headed g a s i f i e r  employs a p a i r  o f  burner  assemblies l o c a t e d  180' apa r t .  
i s t i c a l l y ,  the gas produced con ta ins  50-55% carbon monoxide and 30-35% hydrogen, b o t h  on 
a d r y  bas is .  
make up t h e  balance. 

Heat i s  recovered f rom t h e  gas l e a v i n g  t h e  g a s i f i e r  by means o f  a waste heat  b o i l e r  where 
up  t o  1500 p s i g  s a t u r a t e d  steam i s  generated. Gas from t h e  waste heat  b o i l e r  i s  scrubbed 
o f  p a r t i c u l a t e s  and i s  t h e n  compressed as necessary f o r  t h e  in tended a p p l i c a t i o n .  S u l f u r  
compounds are removed f rom the  gas and u l t i m a t e l y  conver ted t o  s u l f u r  b y  a v a r i e t y  o f  
means which a r e  se lec ted  based on gas a p p l i c a t i o n .  

F u r t h e r  i n fo rma t ion  and performance data can be found i n  o t h e r  

Character- 

Carbon d i o x i d e ,  s u l f u r  compounds (H2S and COS), and n i t r o g e n  p r i n c i p a l l y  

GENERAL ECONOMIC CONSIDERATIONS FOR COAL GASIFICATION 

While i t  i s  n o t  t h e  i n t e n t  o f  t h i s  paper t o  compare the  K-T process t o  c o m p e t i t i v e  coa l  
g a s i f i c a t i o n  processes, i t  i s  s a f e  t o  conclude t h a t  a l l  a p p l i c a t i o n s  o f  coa l  g a s i f i c a -  
t i o n  w i l l  be more expensive than  p r e s e n t l y  a v a i l a b l e  sources o f  o i l  and n a t u r a l  gas. 
Paradoxica l ly ,  however, t h e r e  i s  growing evidence t h a t  t h e  c o s t  of coal  g a s i f i c a t i o n  i s  
s i m i l a r ,  i f  n o t  l ess ,  t han  t h e  c o s t  o f  develop ing some new sources of n a t u r a l  gas. The 
h i g h  c o s t  o f  new n a t u r a l  gas today tends t o  be d i sgu ised  by t h e  lower c o s t  o f  o l d  gas 
p roduc t i on .  
j us tmen t  and o f  course t h e  s i t u a t i o n  w i l l  be d r a m a t i c a l l y  changed w i t h  i n e v i t a b l e  gas 
de regu la t i on .  However, w i t h  gas f rom coal  t h e r e  a r e  p r e s e n t l y  few we l l -de f i ned  i n s t i t u -  
t i o n a l  mechanisms f o r  e q u i t a b l y  d i s t r i b u t i n g  t h e  cost .  Consequently t h e r e  i s  re luc tance  
f rom p r i v a t e  sec to rs  t o  i n v e s t  i n  coa l  g a s i f i c a t i o n .  

Synthes is  gas i s  p r e s e n t l y  produced b y  re fo rm ing  n a t u r a l  gas o r  by p a r t i a l  o x i d a t i o n  o f  
o i l .  I t  i s  s t r i c t l y  a m a t t e r  o f  t ime  be fo re  t h e  supply  s i t u a t i o n  o r  governmental p o l i c y  
w i l l  r e s t r i c t  o r  p r o h i b i t  such use o f  n a t u r a l  gas. 
was d i r e c t e d  toward SNG, o r  h igh  methane con ten t  gas. However, i t  o f t e n  i s  i l l o g i c a l  t o  
produce SNG whenever i n d u s t r i a l  users a r e  s t i l l  r e fo rm ing  o r  bu rn ing  n a t u r a l  gas. Thus, 
t h e  p roduc t i on  o f  CO-H r i c h  gas f o r  i n d u s t r i a l  use i s  be ing  favo red  as a more e f f i c i e n t  
and economical approaci  t o  coal  g a s i f i c a t i o n .  
a p p l i c a t i o n s ,  t h i s  gas has e x c e l l e n t  p r o p e r t i e s  as an i ndus t r i , a l  f u e l .  

Table 1 
mediate b t u  fue l  gas w i th  investment  requ i red  f o r  severa l  p r o j e c t s  i n v o l v i n g  p roduc t i on  
of  n a t u r a l  gas, SNG, and e l e c t r i c i t y .  The K-T f u e l  gas p l a n t  would d e l i v e r  140 b i l l i o n  
b tus  per  day of 300 b t u  p e r  cub ic  f o o t  gas ( i n t e r m e d i a t e . B t u  gas) a t  e leva ted  pressure 
t o  a number o f  i n d u s t r i a l  users. 

A l though t h e  a c t u a l  c o s t s  o f  some o f  t he  new n a t u r a l  gas o r  SNG p r o j e c t s  can be debated, 
t h e  i n t e n t  of p resen t ing  t h e  t a b l e  i s  mere ly  t o  i n d i c a t e  t h a t  t h e  costs  o f  new sources of 
gas a r e  much h ighe r  than i n  t h e  past .  
i n te rmed ia te  b t u  gas should be regarded as an e q u a l l y  v i a b l e  venture.  A l l  o f  t h e  e f f o r t s  
by t h e  gas i n d u s t r y  t o  i nc rease  p roduc t i on  a r e  impor tant ,  and t h e r e  a r e  many areas such 
as r e s i d e n t i a l  markets, where methane i s  d i f f i c u l t  t o  rep lace.  
syn thes i s  gas p roduc t i on  w i l l  ease t h e  burden o f  supply. 
accounts f o r  ove r  60% of n a t u r a l  gas consumption. 

T h i s  s i t u a t i o n  i s  g r a d u a l l y  s h i f t i n g  w i t h  t h e  advent o f  t h e  f u e l  cost ad- 

E a r l i e r  emphasis on coa l  g a s i f i c a t i o n  

I n  a d d i t i o n  t o  t h e  many syn thes i s  gas 

compares t h e  investment  o f  a f u l l y  i n t e g r a t e d  Koppers K-T p l a n t  producing i n t e r -  

Furthermore i t  i s  apparent t h a t  p roduc t i on  o f  

I n d u s t r i a l  f u e l  o r  
P resen t l y  i n d u s t r i a l  usage 
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TABLE 1 

Example of Cap i ta l  Requirements 
f o r  Gas Produc t ion  

Product ion Investment 
B i l l i o n  Btu/Day $MM 1977 

Current  Embedded 58,900 52,000 
Investment i n  Gas I n d u s t r y  

SNG from L i q u i d s  60 56.7 

(21.5 TCFlyr.) 

(60 MM SCFIDay) 

LNG Imports ( i nc ludes  1,000 4,150 
fo re ign  investment)  (365 BCF/Yr. ) 

P i p e l i n e  (2.4 BCFIDay) 

SNG from Coal 250 1,370 

Alaska Na tu ra l  Gas 2,400 10,000 2/ 

(250 MM SCFIDay) 

Heat from E l e c t r i c i t y  --- ($1,25O/kw) 
(Nuclear Power) 

1977 
Investment 

$/Annual MM Btu 

2.40 

2.85 

11.35 

11.40 

16.60 

41.80 

In te rmed ia te  B tu  (300 b t u / s c f )  
Fuel Gas f rom F u l l y  I n t e g r a t e d  
Koppers K-T p l a n t  140 390 8.45 

Table 2 presents examples of p ro jec ted  p r i c e s  of i n te rmed ia te  b t u  gas w i t h  cos ts  o f  
e x i s t i n g  na tu ra l  gas and p ro jec ted  cos ts  o f  new sources o f  n a t u r a l  gas. Again, c o s t  o f  
i n te rmed ia te  b t u  gas f rom coal compares f a v o r a b l y  w i t h  t h e  p ro jec ted  p r i c e s  o f  new gas. 

TABLE 2 

Example o f  Gas P r i c e s  
$/MM B t u  (HHV), 1978 

Present Natura l  Gas ( I n d u s t r i a l  ) 
LNG ( E x i s t i n g  Massachusetts Terminal )  
LNG (Current  A D P ~  i c a t i o n s  f o r  Imoor t )  
Gas from Alaska’ Na tu ra l  Gas P i p e l i n e ’  
SNG from Coal 
Heat f rom e l e c t r i c i t r  @ Eb/kw - hr 

@ 4.5b/kw - h r  

2.00 - 2.50 3/ 
2.37 41 

3.00 - 4.50 4/ 
3.65 - 5.35 5 1  
4.10 - 7.10 61 

5.85 
13.15 

In te rmed ia te  B tu  Fuel Gas from F u l l y  
I n teg ra ted  Koppers K-T P l a n t  (60% deb t  f i nanc ing )  

- w i t h  coal @ $30/ton ($1.28/MM B tu )  4.50 
- w i t h  coal @ $15/ton (64b/MM Btu) 3.35 

I n  cases where gas i s  employed f o r  syn thes i s  a p p l i c a t i o n s  i t  i s  impor tan t  t o  recognize 
t h a t  n a t u r a l  gas o r  SNG must be f i r s t  reformed, which i s  n o t  a c o s t  requi rement  for  the 
i n te rmed ia te  b t u  gas. I n  t h e  case o f  a f u l l y  i n teg ra ted ,  f ree-standing ammonia p lan t ,  
about 15% more n a t u r a l  gas (HHV bas i s )  is r e q u i r e d  than  in te rmed ia te  b t u  gas, as shown 
i n  Table 3 .  

15 



TABLE 3 

B t u  Requirement Per Ton o f  Ammonia 

Basis: Gas s u p p l i e d  t o  ammonia p l a n t  b a t t e r y  l i m i t s  a t  500 ps ig .  
(MM Btu/Ton NH3) I ntermediate 

Synthes is  Gas Required * 
Fuel  Requirements: 

Reforming 
U t i l i t y  Support 
T a i l  Gas C r e d i t  

Net  Fuel  Required 
T o t a l  Gas Requi red 

Natura l  Gas B tu  Gas 
18.5 23.6 

--- 9.7 

- J  .8 
10.1 8.8 

18.0 
36.5 

-1.3 
7.5 

31.1 

__ 

* Based on 97% r e f o r m i n g  o f  methane; 94.5% convers ion o f  H2 t o  NH3. 

Tab le  4 shows t h a t  f o r  a f u l l y  i n t e g r a t e d  methanol p l a n t  over 20% more n a t u r a l  gas i s  
r e q u i r e d  than in te rmed ia te  b t u  gas. Table 4 i s  based on 95% re fo rm ing  o f  methane and 
does n o t  employ C02 a d d i t i o n  from an e x t e r n a l  source. 
w i t h i n  t h e  synthes is  loop.  

Conversion o f  CO and C02 i s  95% 

TABLE 4 

B t u  Requirement Per Ton o f  Methanol 

13.3 0.0 
0.0 0.8 

-1.9 
3.4 -1.1 

- -9.9 

Basis: Gas s u p p l i e d  t o  methanol p l a n t  b a t t e r y  l i m i t s  a t  500 ps ig .  
(MM Btu/Ton Methanol) I n te rmed ia te  

Na tu ra l  Gas B tu  Gas 
Synthesis Gas Requi red 26.0 24.9 

Fuel Requirements: 
Reforming 
U t i l i t y  Support 
T a i l  Gas C r e d i t  

Net Fuel Requi red 
Tota l  Feedstock Required 29.4 23.8 

An important, y e t  o f t e n  over looked,  advantage of  coa l  g a s i f i c a t i o n  i s  t h a t  t h e  m in ing  o f  
c o a l  can be performed wi th  r e l a t i v e l y  s t a b l e  c a p i t a l  p r o d u c t i v i t y .  Th i s  means t h a t  once 
a mine i s  opened a r e l a t i v e l y  un i fo rm o u t p u t  o f  coa l  can be maintained ove r  t h e  economic 
l i f e ,  p a r t i c u l a r l y  i n  v iew o f  t h e  f a c t  t h a t  coa l  depos i t s  a r e  w e l l  i d e n t i f i e d .  
o t h e r  hand, o i l  and n a t u r a l  gas p roduc t i on  i s  u s u a l l y  cha rac te r i zed  by d e c l i n i n g  c a p i t a l  
p r o d u c t i v i t y .  For i ns tance ,  as w e l l  head pressure begins t o  f a l l ,  o u t p u t  d e c l i n e s  u n t i l  
a p o i n t  i s  reached where a d d i t i o n a l  investment  i s  r e q u i r e d  f o r  secondary o r  t e r t i a r y  
recove ry  methods. Thus, c a p i t a l  c o s t  per u n i t  o f  ou tpu t  tends t o  increase s i g n i f i c a n t l y  
d u r i n g  t h e  economic l i f e  o f  o i l  and gas p roduc t i on .  
c o s t  of coal  min ing i s  expected t o  be l e s s  s u b j e c t  t o  p r i c e  e s c a l a t i o n  than  w i t h  natura l  
gas product ion,  p a r t i c u l a r l y  i n  cases where t h e  mine i s  c a p t i v e l y  assoc iated w i th  t h e  
g a s i f i c a t i o n  p lan t .  O f  course, coa l  m in ing  i s  more l a b o r  i n tens i ve ,  a l though t h i s  i s  
l e s s  of a case w i t h  newer mines o r  s t r i p  mines. The e f f e c t s  o f  i n f l a t i o n  a r e  b r i e f l y  
d iscussed l a t e r  i n  t h i s  paper. 

On t h e  

Th is  i s  a major reason why the  

FUEL CHARACTERISTICS OF K-T GAS 

The K-T gas has e x c e l l e n t  f u e l  c h a r a c t e r i s t i c s ,  and i s  w e l l  s u i t e d  f o r  i n d u s t r i a l  
a p p l i c a t i o n s  as a s o - c a l l e d  " i n te rmed ia te "  b t u  gas. A more d e t a i l e d  d i scuss ion  o f  
gas combustion p r o p e r t i e s  can be found i n  o t h e r  Koppers' papers. 
b a s i c  fue l  c h a r a c t e r i s t i c s  a r e  h e r e i n  presented. 

However, t h e  most 
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I n  comparison t o  n a t u r a l  gas, t h e  nominal 300 b t u / s c f  h e a t i n g  va lue o f  K-T gas neces- 
s i t a t e s  an increased vo lumet r i c  usage o f  f u e l  f o r  a g i ven  heat  duty .  
r e q u i r e d  fo r  combustion o f  K-T gas is s u b s t a n t i a l l y  reduced. As a consequence, the  
we igh t  Of  combustion products  i s  comparable t o  t h a t  produced upon combustion o f  t he  
more conventional f u e l s .  
a t  t y p i c a l  l e v e l s  o f  excess a i r  f o r  coal ,  f u e l  o i l ,  n a t u r a l  gas, and K-T gas. 
t h i s  example the  K-T gas i s  humid and supp l i ed  a t  low pressure. 
f o r  d r y i n g  the  gas i f  desi red.  

However, the a i r  

Table 5 compares o v e r a l l  f i r i n g  c h a r a c t e r i s t i c s  o f  a furnace 

Schemes a r e  a v a i l a b l e  
For 

TABLE 5 

O v e r a l l  Furnace Performance 

- Coal No. 6 Fuel O i l  Na tu ra l  Gas K-T Gas 
E VOL. % VOL. % 

C 70.5 C 87.8 CH4 83.0 co 50.7 
H 5.0 H 11.0 7.8 
N 1 . 3  N 0.2 co9 n s 
0 

. . -  

2.5 S 0.5 
7.5 0 0.5 

Ash 10.1 Ash N i l  
H20 3.1 H20 

100.0 100.0 

Gross Heating 
Value, Btu/Lb 

Btu/Scf  
12,809 18,500 _-- --- 

Typ ica l  % Excess 
A i r  Used 15 5 

100.0 H i 0  5.7 
100.0 

--- 
1,128 

10 

Lb. A i r  Used/MM 
Gross B tu  
(60'F wet bu lb )  867 793 792 

Lb. Combustion 
Gas/MM Gross Btu 937 847 835 

--- 
277 

15 

653 

840 

I n  r e t r o f i t t i n g  an a l t e r n a t e  f u e l  t o  an e x i s t i n g  furnace o r  b o i l e r ,  t h e  p e r m i s s i b l e  
d r a f t  l o s s  i s  o r d i n a r i l y  a l i m i t i n g  cons ide ra t i on .  
amount o f  combustion gas per  u n i t  o f  hea t  i n p u t  t h e r e  a r e  minimal r e s t r i c t i o n s  i n  r e -  
t r o f i t t i n g  e x i s t i n g  equipment. I n  a d d i t i o n ,  use o f  K-T gas r e s u l t s  i n  a u n i t  e f f i c i e n c y  
comparable, and o f t e n  b e t t e r ,  than t h a t  o f  more convent ional  f u e l s .  

The K-T gas o f f e r s  these a d d i t i o n a l  f u e l  advantages t o  t h e  chemical process i n d u s t r y :  

Since K-T gas y i e l d s  a f a v o r a b l e  

Equ i l i b r i um a d i a b a t i c  f lame temperature o f  t h e  K-T gas w i t h  ambient tempera- 
t u r e  a i r  i s  approx imate ly  3750eF, compared t o  t y p i c a l l y  3550°F f o r  n a t u r a l  
gas. 
v o l v i n g  r a d i a n t  tube burners. 

The gas can be complete ly  desu l fu r i zed  and i s  f r e e  o f  ash c o n s t i t u e n t s  o r  
a l k a l i  metals. 
process a p p l i c a t i o n s  such as f i r i n g  o f  Oowtherm b o i l e r s ,  where o i l  o f t e n  
cannot be used due t o  i t s  ash, s u l f u r ,  o r  vanadium content .  

Th is  i s  impor tan t  i n  h i g h  temperature processes, such as those i n -  

Th is  advantage i s  p a r t i c u l a r l y  impor tan t  i n  c e r t a i n  chemical 
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The wide flamnability limits of the gas promote good combustion efficiency 
and permit safe control of combustion temperature by use of a relatively 
h i g h  amount of excess a i r .  The wide flammability limits permit reduced 
nitrogen oxide emissions by means of staged combustor f i r ing.  

The versatile K-T fuel gas can be used as a fuel or as a synthesis gas, 
without the necessity of a reforming operation. 

Within most industries, a re l iable  fuel supply i s  important. 
proven history of re l iab i l i ty .  Gasifier outages, such as those which occur during 
annual plant turn around, can be compensated by use of spare gasifier capacity or by 
the temporary use of a l ternate  fuels. If natural gas i s  used as a back-up fuel, 
systems can be designed whereby air-ballasted natural gas i s  automatically used 
without necessitating burner alterations. 

The K-T process has a 

ECONOMICS FOR FUEL GAS OR SYNTHESIS GAS PRODUCTION 

I t  i s  d i f f icu l t  to  generalize the economics of producing synthesis gas from coal since 
costs are greatly influenced by a number of variables which are specific t o  each appli- 
cation. 
f a c i l i t i e s ,  and cost of coal. I n  addition, specific financing variables such as 
capital structure, ra te  of return, and interest  ra tes  affect gas cost. 

As an example of synthesis gas  costs, a case i s  presented for  a large plant which pro- 
duces gas a t  170 psig for  delivery to  industrial customers within a 100 mile radius. 
The plant consists of f i f teen four-headed gasifiers, including one spare, to  produce 
a net output of 140 bi l l ion btus per day ( H H V )  of gas with a gross heating value of 
300 Btu/scf. 
bituminous coal, w i t h  5.7 w t .  % moisture content and gross heating value of 11,810 
Btu/lb. Gas i s  desulfurized and dried t o  a -18'F dew point before entering the 
distribution system. The plant sa t i s f ies  i t s  own u t i l i t y  requirements, except for 
94 megawatts of imported electr ic i ty ,  by combustion of a portion o f  gas within an 
auxiliary boiler. The plant i s  a "grass-roots'' plant and a l l  general f a c i l i t i e s  and 
coal hand1 ing f a c i l i t i e s  a re  i ncl uded. 

Plant investment (mid 1978) would be about $410 MM, while total capital requirements 
would amount t o  a b o u t  $510 MM. The total capital includes the plant investment plus 
interest  during construction, start-up costs, and working capital (60 day cash supply). 

Figure 1 i s  based on th i s  plant and shows the effect of coal cost on gas cost for a 
debt t o  equity ratio of 60/40 and a 12 percent discounted cash flow rate of return. 
The cash flow method of analysis i s  representative of private investor financing. 
Figure 2 i l lust rates  the effect  of capital structure, or fraction of debt, on gas 
cost for a coal cost of $22.50/ton (95d per MM B t u ) .  
a 10 Year ( sum of years d i g i t s )  depreciation schedule. Federal income taxes are  
taken as 48%. 
annual payments. 

These variables include s i t e  selection, plant s ize ,  availability of off-s i te  

Raw material for  the plant consists of 9700 tons per day of 2" x 0" 

Project l i f e  i s  20 years, with 

Debt i s  re t i red over the 20 year l i f e  of the project by a series of 

APPLICATIONS OF K-T GAS FOR CHEMICAL SYNTHESIS 

Generally, there are three categories of chemical synthesis applications of the gas, 
either fo r  captive or  merchant markets. These are: 

Hydrogen Production 
CO-H? Based Synthesis 
CO Production 
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Hydrogen Product ion 

The major present  commercial use o f  hydrogen i s  i n  c a p t i v e  markets, t h a t  i s ,  those areas 
where t h e  hydrogen i s  used i n t e g r a l l y  w i t h  t h e  process. P r i n c i p a l l y  t h i s  market  r e l a t e s  
t o  ammonia p roduc t i on  o r  pet ro leum r e f i n i n g  a p p l i c a t i o n s ,  such as h y d r o d e s u l f u r i z a t i o n  o r  
hydrocrack ing.  Ammonia i s ,  o f  course, t h e  base m a t e r i a l  f o r  such impor tan t  chemicals as 
caprolactam, a c r y l o n i t r i l e ,  urea (and r e s i n s  t h e r e o f ) ,  n i t r i c  ac id ,  and f e r t i l i z e r s .  

An impor tan t  growing c a p t i v e  use f o r  hydrogen w i l l  be i n  t h e  area o f  coa l  l i q u e f a c t i o n .  
I n  t y p i c a l  l i q u e f a c t i o n  processes hydrogen i s  generated by g a s i f y i n g  char  o r  r e s i d u e  
which i s  recovered i n  t h e  processes. I n  1975 t h e  K-T process was success fu l l y  used t o  
g a s i f y  FMC-COED char  du r ing  t e s t s  i n  Spain. 
i s  w e l l  s u i t e d  f o r  accommodating the  h i g h  ash con ten t  c h a r a c t e r i s t i c  o f  such res idues.  

Wi th r e s i d u e  t ype  feedstock t h e  K-T process 

CO-H:, Based Synthes is  

Th is  a p p l i c a t i o n  i s  based on d i r e c t  syn thes i s  o f  chemicals f rom t h e  CO-Hz gas. 
use i s  of p a r t i c u l a r  i n t e r e s t  t o  the  chemical i n d u s t r y  due t o  the  wide range o f  va lu -  
a b l e  products which can be made. 
gress which i s  be ing made i n  CO-H2 syn thes i s  technology, e s p e c i a l l y  i n  rega rd  t o  
c a t a l y s t  improvements which p e r m i t  improved y i e l d s  and reduced syn thes i s  pressures. 

The modern schemes o f  syn thes i s  g e n e r a l l y  r e q u i r e ,  s t o i c i o m e t r i c a l l y ,  a t  l e a s t  a 1 :1 
r a t i o  o f  H2 t o  CO, as f o r  example i n  va r ious  oxo-synthes is  processes. Higher  r a t i o s  
a r e  requ i red  i n  o t h e r  a p p l i c a t i o n s ,  such as i n  methanol o f  Fischer-Tropsch synthes is ,  
where a 2: l  r a t i o  o f  H2 t o  CO i s  requ i red .  
H2:CO r a t i o  o f  t y p i c a l l y  0.6, i t  i s  s t r a i g h t f o r w a r d  t o  o b t a i n  increased r a t i o s  by 
mere ly  s h i f t i n g  a p o r t i o n  o f  t he  gas. On t h e  o t h e r  hand, reformed n a t u r a l  gas has a 
3.0: l  t o  4.0:l r a t i o  o f  hydrogen t o  carbon ox ides.  Thus, t o  comply s t o i c i o m e t r i c a l l y  
w i t h  c e r t a i n  synthes is  a p p l i c a t i o n s  i t  i s  necessary w i t h  n a t u r a l  gas based CO-H2 t o  
remove o r  o therwise u t i l i z e  as f u e l  t h e  excess hydrogen i n  t a i l  gas. Conversely, CO 
t o  C02 cou ld  be added somewhere i n  t h e  process schemes. Hence a t  t imes t h e  p r a c t i -  
c a l i t y ,  cost ,  o r  energy i nvo l ved  i n  syn thes i s  based on n a t u r a l  gas can be r e s t r i c t i v e .  

Methanol from coal  i s  be ing considered f o r  use as a d i r e c t  f u e l .  Methanol has t h e  ad- 
vantage o f  being e a s i l y  s tored.  Present economics do n o t  j u s t i f y  t h e  use o f  methanol 
as a f u e l  unless coal  i s  inexpensive.  With coa l  a t  $10 pe r  ton, methanol by t h e  K-T 
process would c o s t  35-554 p e r  g a l l o n  depending on p l a n t  f i n a n c i n g  and o t h e r  f a c t o r s .  
Methanol a l s o  has t r a d i t i o n a l  impor tan t  chemical a p p l i c a t i o n s ,  such as, i n  t h e  produc- 
t i o n  o f  formaldehyde, methyl methacry la te,  a c e t i c  ac id ,  and isoprene rubber .  Mobi l  O i l  
Co rpo ra t i on  i s  develop ing a process f o r  p roduc t i on  o f  gaso l i ne  from methanol. 
technology i s  under development f o r  p roduc t i on  o f  o l e f i n s ,  such as propylene, f rom 
methanol. These o l e f i n s  can be used i n  oxo-synthes is .  Oxo-synthesis i s  t h e  process 
whereby aldehydes and o t h e r  oxygenated compounds a r e  produced by c a t a l y t i c  r e a c t i o n s  o f  
CO and H2 w i t h  o l e f i n s .  Products i n c l u d e  p a i n t s ,  laquers,  butyraldehyde, detergents ,  
so lvents ,  and p l a s t i c i z e r s .  Recent developments i n  oxo-synthes is  technology by Union 
Carbide, Davy Power Gas and Johnson Matthey have l e d  t o  p r a c t i c a l  use o f  l ow  pressure 
technology and improved c a t a l y s t  s e l e c t i v i t y  f o r  a t  l e a s t  one a p p l i c a t i o n  (butyra ldehyde) .  

CO Product ion 

Fo r  carbon monoxide p roduc t i on  t h e  K-T gas i s  w e l l  s u i t e d  due t o  i t s  h igh  CO content .  
Pure CO can be produced from t h e  gas e i t h e r  c r y o g e n i c a l l y  o r  by s e l e c t i v e  abso rp t i on  
methods such as t h e  Cosorb process developed by Tenneco Chemicals, I nc .  Recent dev- 
elopments i n  CO recovery technology a r e  expected t o  g r e a t l y  increase markets f o r  CO. 
A major  market f o r  CO l i e s  i n  d i r e c t  o r e  reduc t i on .  Chemical syn thes i s  a p p l i c a t i o n s  
i n c l u d e  phosgene, to luene  d i  isocyanate, and s y n t h e t i c  ac ids.  Developments a r e  aimed 
a t  extending CO use t o  p roduc t i on  o f  t e r e p h t h a l i c  a c i d  and p-cresol ,  and t o  use i t  as 
a co-monomer i n  the rmop las t i cs .  

T h i s  

I t i s  p a r t i c u l a r l y  encouraging t o  observe t h e  pro-  

S ince K-T gas f rom coal has i n i t i a l l y  a 

Add i t i ona l  
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ECONOMICS FOR ANHYDROUS AMMONIA PRODUCTION 

An example o f  cos ts  f o r  anhydrous ammonia i s  g i ven  f o r  a 2000 t o n  pe r  day p l a n t .  The 
p l a n t  i s  complete ly  i n t e g r a t e d  and inc ludes  coa l  r e c e i v i n g  f a c i l i t i e s  and a l l  general 
f a c i l i t i e s ,  except raw wa te r  t reatment .  Four 4-headed g a s i f i e r s  a r e  used and no spare 
g a s i f i c a t i o n  c a p a c i t y  i s  prov ided.  A t o t a l  o f  2845 tons pe r  day o f  as-received b i tum- 
inous coal  i s  r e q u i r e d  f o r  g a s i f i c a t i o n .  A d d i t i o n a l  coal  i s  used f o r  f i r i n g  an a u x i l i a r y  
b o i l e r  t o  meet a l l  p l a n t  u t i l i t y  requirements, except  f o r  t he  i m p o r t a t i o n  o f  about 17.5 
megawatts o f  e l e c t r i c i t y .  Coal i s  t h e  same as t h a t  used i n  the  economics o f  syn thes i s  
gas discussed p rev ious l y .  F lue  gas from t h e  a u x i l i a r y  b o i l e r  i s  t r e a t e d  (Wellman-Lord 
Process) w i t h  recovered SO2 sen t  t o  t h e  Claus p l a n t ,  a long  w i t h  H2S from t h e  g a s i f i c a t i o n  
p o r t i o n  o f  the p l a n t .  P l a n t  investment  (mid 1978) i s  approx imate ly  $250 MM, w h i l e  t o t a l  
c a p i t a l  i s  about $310 MM. 

F i g u r e  3 i l l u s t r a t e s  t h e  e f f e c t  o f  coa l  c o s t  on ammonia s e l l i n g  p r i c e .  Bases a r e  rep re -  
s e n t a t i v e  f o r  p r i v a t e  f i n a n c i n g  and inc lude :  

12% Return on e q u i t y  
9% I n t e r e s t  on  deb t  
60/40 Debt t o  e q u i t y  r a t i o  

48% Federa l  income tax .  

1 0  Year d e p r e c i a t i o n  (sum o f  yea rs  d i g i t s )  
20 Year debt  r e t i r e m e n t  (annual payments) 

t 

F i g u r e  4 shows t h e  e f f e c t  o f  c a p i t a l  s t r u c t u r e ,  i . e . ,  t h e  e x t e n t  o f  debt  f i n a n c i n g  on 
ammonia p r i ce .  A l l  coa l  conve rs ion  processes a r e  c a p i t a l  i n tens i ve ,  and i t  w i l l  
p robably  be necessary t o  adopt  non-conventional methods o f  f i n a n c i n g  t o  make coal  
d e r i v e d  products more c o m p e t i t i v e  w i t h  those f rom o i l  and n a t u r a l  gas. Many o f  t h e  
r e c e n t  d iscuss ions concern ing syn fue l  p r o j e c t s  have, t he re fo re ,  touched upon concepts 
such as government l o a n  guarantees, l eve raged- leas ing  arrangements, t ax  f r e e  bonds, 
and even 100% government ownership as a means o f  reducing t h e  f i n a n c i a l  burden o f  
syn fue l  energy cost .  

ECONOMICS OF HYDROGEN PRODUCTION 

The economics o f  hydrogen a r e  b r i e f l y  d iscussed here s i n c e  a more thorough d i scuss ion  
appears i n  a r e c e n t  Koppers Company p r e ~ e n t a t i o n . ~ /  
hydrogen cos t  whenever b i tuminous coal  c o s t  i s  $20 pe r  t o n  (81 t  per m i l l i o n  b t u ) .  

Table 6 presents  a summary o f  

TABLE 6 

Cost o f  Producing 100 MMSCFD o f  Hydrogen 

B a t t e r y  L i m i t s  P l a n t  F u l l y  I n t e g r a t e d  P lan t  

P l a n t  Investment, $MM 185.0 
T o t a l  C a p i t a l ,  $MM 229.0 
S e l l i n g  P r i c e ,  

B/MSCF 1.79 
$ / M i l l i o n  Btu (HHV) 5.50 

288.0 
352.5 

2.27 
7.00 

I 
1 
I 
I 

Bases f o r  cost  e s t i m a t i o n  i n c l u d e  75% deb t  a t  9% i n t e r e s t  r a t e  and 25% e q u i t y  a t  12% 
d iscoun ted  cash f l o w  r a t e  o f  r e t u r n  ove r  t h e  20 yea r  p r o j e c t  l i f e .  

Hydrogen produced i s  97.4 v o l .  % p u r i t y  and i s  a v a i l a b l e  a t  500 ps ig.  The p r i n c i p a l  
i m p u r i t i e s  c o n s i s t  o f  methane, n i t rogen ,  and argon. 
5 ppmv, wh i l e  molecular  s ieves  a r e  employed t o  c o n t r o l  t o t a l  carbon d i o x i d e  and water 
c o n t e n t  a t  about 3 ppmv. 
t h e  c o s t  o f  so do ing would be h ighe r  than those shown above. 

Residual carbon monoxide i s  about 

Technology e x i s t s  f o r  producing 99.9 + v o l .  % hydrogen, however, 
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Again, as i s  c h a r a c t e r i s t i c  o f  a c a p i t a l  i n t e n s i v e  p r o j e c t  t h e  ex ten t  o f  deb t  f i nanc ing  
has an impor tan t  e f f e c t .  For  instance,  when producing hydrogen w i t h i n  a b a t t e r y  l i m i t s  
p l a n t ,  cos ts  would r i s e  sha rp l y  from $5 .50 /m i l l i on  B tu  (see Table 6 )  t o  $7 .45 /m i l l i on  
B tu  whenever 25% e q u i t y  f i n a n c i n g  i s  rep laced by 100% e q u i t y  f i n a n c i n g  a t  12% d i s -  
counted cash f l o w  r a t e  o f  r e t u r n .  

EFFECTS OF INFLATION 

I n  today ' s  i n f l a t i o n  dominated economy any c o s t  a n a l y s i s  i s  incomplete un less  t h e  p ro -  
j e c t i o n  of  f u t u r e  energy p r i c e s  i s  considered. Long term p r e d i c t i o n s  o f  energy cos t  
a r e  d i f f i c u l t  t o  make, however, i t  i s  c e r t a i n  t h a t  cos ts  w i l l  con t i nue  t o  c l imb .  I t i s  
l i k e l y  i n  f a c t  t h a t  energy cos ts  w i l l  be a major  c o n t r i b u t o r  t o  i n f l a t i o n a r y  forces,  and 
hence i t  would n o t  be s u r p r i s i n g  i f  t h e  r a t e  o f  p r i c e  e s c a l a t i o n  o f  conven t iona l  f ue l s  
becomes h ighe r  than t h e  general i n f l a t i o n  r a t e .  

There a r e  a number o f  reasons why i t  i s  expected t h a t  cos ts  f o r  a l t e r n a t e  f u e l s  w i l l  
esca la te  more r a p i d l y  than cos ts  from a coa l  g a s i f i c a t i o n  p l a n t ,  p a r t i c u l a r l y  i n  cases 
where t h e  coal mine i s  c a p t i v e l y  assoc iated w i t h  t h e  g a s i f i c a t i o n  p l a n t .  
i nc lude :  

These reasons 

O i l  and gas p roduc t i on  i s  cha rac te r i zed  by d e c l i n i n g  c a p i t a l  p r o d u c t i v i t y ,  
whereas the  m in ing  o f  coa l  i s  much l e s s  s u b j e c t  t o  such dec l i nes .  

Present p r i c e  r e g u l a t i o n s  on o i l  and gas p roduc t i on  a r e  expected t o  eventu- 
a l l y  be e l im ina ted  o r  d imin ished t o  a p o i n t  where o i l  o r  gas p r i c e s  a r e  more 
rep resen ta t i ve  o f  t r u e  market f o rces .  I nhe ren t l y ,  t h e  convenience o f  con- 
ven t iona l  f u e l s  should command a much h ighe r  f r e e  market p r i c e  than  coa l .  

P r o j e c t s  i n v o l v i n g  new o i l  and gas p roduc t i on  a r e  ve ry  c o s t l y ,  and some o f  
these p r o j e c t s  cou ld  i n  f a c t  be more expensive than t h e  coal g a s i f i c a t i o n  
op t i ons .  

P r i c e  o f  coal  i s  l e s s  d i r e c t l y  i n f l uenced  by f o r e i g n  p r i c i n g .  

F igu re  5 i l l u s t r a t e s  how t h e  c o s t  o f  f u e l  gas o r  syn thes i s  gas might  compare t o  c o s t  o f  
No. 2 f u e l  o i l  over t h e  20 yea r  p l a n t  l i f e ,  whenever i n f l a t i o n  o r  p r i c e  e s c a l a t i o n  occurs 
a t  an average r a t e  o f  8 percent  pe r  year .  
ga l .  ($2.65/MM Btu), which i s  t he  repo r ted  wholesale p r i c e  o f  t h i s  commodity accord ing t o  
U.S. Department o f  Labor r e c e n t  s t a t i s t i c s .  
(956 pe r  m i l l i o n  B tu ) .  
(140 b i l l i o n  B tu  pe r  day) f o r  which economics were presented e a r l i e r  i n  t h i s  paper. 

Once t h e  g a s i f i c a t i o n  p l a n t  i s  b u i l t  t h e  c a p i t a l  assoc iated charges a r e  n o t  escalated.  
I n  determin ing f u t u r e  c o s t  o f  gas f rom t h e  K-T p l a n t  i t  was assumed t h a t  a l l  o p e r a t i n g  
cos ts  a r e  subjected t o  i n f l a t i o n ,  except f o r  coal ,  where i t  was assumed t h a t  o n l y  about  
60% o f  t h e  coal  cos t  i s  sub jec t  t o  i n f l a t i o n .  Th is  60% value appears t o  be representa-  
t i v e  o f  non-capi ta l  assoc iated cos ts  (such as l a b o r )  which a r e  i nvo l ved  i n  coa l  m in ing .  
N a t u r a l l y  i f  coal  were purchased on t h e  open market, r a t h e r  than by long- term c o n t r a c t ,  
t h e  f u l l  cos t  o f  coal  would demand e s c a l a t i o n .  

As F i g u r e  5 i l l u s t r a t e s ,  a p o i n t  i s  reached ( i n  t h i s  case a t  about n i n e  y e a r s )  where the  
c o s t  o f  f u e l  o i l  exceeds t h e  p r i c e  of K-T gas. More thorough ana lys i s  i n v o l v i n g  d i f f e r -  
e n t  i n f l a t i o n  r a t e s  has u s u a l l y  i n d i c a t e d  t h a t  t h e  average c o s t  o f  K-T gas o r  t h e  present  
wor th c o s t  o f  K-T gas t u r n s  o u t  t o  be lower than  t h e  cos t  o f  a l t e r n a t e  f u e l s  over  t h e  20 
yea r  pe r iod .  
o u s l y  mentioned t h i s  t ype  o f  l ong  term a n a l y s i s  i s  d i f f i c u l t  and t h e  i n t e n t  o f  p resen t ing  
F igu re  5 i s  merely t o  show r e l a t i v e  e f f e c t s  o f  p r i c e  e s c a l a t i o n  which a r e  d i f f i c u l t  t o  
genera l ize,  y e t  impor tan t  t o  consider .  The i m p l i c a t i o n  i s  t h a t  s t r i c t l y  f rom a c o s t  
s tandpo in t  t h e r e  can be sound f i n a n c i a l  bas i s  f o r  present  investment i n  a g a s i f i c a t i o n  
p l a n t .  

The 1978 p r i c e  o f  t h e  o i l  was taken as 37.24/ 

P r i c e  o f  coal  was taken a t  $22.50 per  t o n  
The f u e l  gas p l a n t  dep ic ted  i n  F igu re  5 i s  t h e  same l a r g e  p l a n t  

Th is  more d e t a i l e d  a n a l y s i s  i s  beyond t h e  scope o f  t h i s  paper. As p r e v i -  
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FIGURE 2 
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FIGURE 3 ___ 
EFFECT OF COAL COST 

ON AMMONIA COST 

P r o d z n  = 2000 tons/day 
Debt /Equi ty  = 60/40 
Discounted Cash Flow 
Rate o f  Return = 12% 
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FIGURE 4 

EFFECT OF CAPITAL 
STRUCTURE ON AMMONIA COST 
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FIGURE 5 

EFFECT OF P R I C E  ESCALATION 
ON FUTURE FUEL COSTS 

Bases : 
m i c e  E s c a l a t i o n  
Mid 1978 Fuel O i l  

Cost  - 37.26/gal. 

Cost  - $22.50/ton 

= 140 b i l l i o n  btu/day 

Ra te  o f  Return = 12% 

Mid 1978 Coal 

P l a n t  Output  

D e b t l E q u i t y  = 60/40 
Discounted Cash Flow 

Elapsed Time, Years 
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